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Figure 1. Variation of Bandwidth-Delay Prod-
uct at 20-Second Intervals
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3.1 The GridFTP Software Framework
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3.2 Data Transfer in GridFTP
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Figure 3. Extended Block Header
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4.1 Determining Instantaneous Bandwidth
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4.2 Determining RTT
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Figure 4. SBUF Message encapsulated in a
Mode E Header.
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Figure 5. Data Transfer Dynamics During a
Third-Party Transfer.
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4.3 Setting Receiver’s Flow-Control Window
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Figure 6. Experimental Setup for Two-Party
Data Transfer
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Figure 7. Performance of GridFTP with OS-
default buffer size (64KB)
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Figure 8. Performance of GridFTP with Stat-
ically Tuned Buffer Size (8MB)
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Figure 11. Experimental Setup for Third-
Party Data Transfer

 0

 20

 40

 60

 80

 100

 0  16 32  64  128  256  512

A
ve

ra
ge

 B
an

dw
id

th
 (

M
bp

s)

File Transfer Size (MB)

Third Party GridFTP in Single and Parallel Modes (Over-provisioned Buffer Sizes)

Stream Mode (Non Parallel)
EB Mode (1 Stream)

EB Mode (2 Streams)
EB Mode (4 Streams)

Figure 12. GridFTP Performance in Third-
Party Transfer with Over-Provisioned Buffer
size

 0

 20

 40

 60

 80

 100

 0  16 32  64  128  256  512

A
ve

ra
ge

 B
an

dw
id

th
 (

M
bp

s)

File Transfer Size (MB)

Third Party GridFTP with DRS in Single and Parallel Modes

1 Stream
2 Streams
4 Streams

Figure 13. GridFTP Performance in Third-
Party Transfer with DRS



 0

 5

 10

 15

 20

 25

 30

 35

 40

 0  16  64  128  256  512

B
an

dw
id

th
 (

M
bp

s)
 p

er
 M

by
te

 o
f R

ec
ei

ve
 B

uf
fe

r 
S

iz
e

File Transfer Size (MB)

Buffer Usage Efficiency : GridFTP with DRS vs Over-Provisioned GridFTP

GridFTP with DRS
Optimally Tuned

Figure 14. Buffer Usage Efficiency in Third-
Party Transfer: Bandwidth Achieved per MB
of Buffer

p%�fp������»����p%o��~�����������k
4������µ-�spt�A"��U�����%�U !�fp���²H�Hp%�t	����p�o��k}a�����d���% !����"����%�t�����sp%�E����p7�f�����t	!���~�s�-p��tn��7�Hp%�s��nUu�wkx���|p%���%��n|�������­��
����5"����Vo��H���t	�o��H�zp%o����s !}����� !���-p7�Hqp������[�s !}�����"��¤p%�s�¨����}�}a����p%�g�� ~}a����p%���-p¡���%��	���
��©�d�t�Hp%���%�t����sµ|��p%o��s�7	�qW}��f��p?���Q}��f�7�f�������¬�f��	 �?p%����}M�)	�p%�%�����?�d�t�%�¯��� ��%"��f�
�f���s�!�¡�:���[����p����%�¨�����%µ������s�g�s��"��s�M	��¨}a�����d���% !����"���%�t�����¤p7�«����u�wkx ¹ ����p�o��¢���s�
	�º~� �����
	���
������sp�o�u�wkx�H²��t���¢�%�t���¤qW�����%��	 " �$�U�
�´�%�tÅ-�������t !���-p/�d���6�|���6�� !}��s�t !���-p%�fp������¼�¡���yp%o��Hp6p%o��	��fp%��"��������t"�p������������t	��t	»p%���M�!���
	������)"1p������M�f�3�a�������7	����p��¢}M�t�� !�sp��t��"���	��)	 (
�	��
¢ !�t�%����n��t��p��­�a�¬�V�t�|pg�d����w�
�
�t�Vp��� ��Hp%�s�|�6� �k�H�g�t²��t�t�6�|�����f�¡p%o��["������%���-pU���s !�sp%�Hp%�s�|������[p%o��U���s�|������
4�-�|�sµ��sp��� !}����� !���-p%�fp��������f�����%�
	���
��°�
�p�o������|"7µ��f�¡���
	��s�%�t"�p����������s�sp?������p�o��¨	��Hp%��"7o��������t�O�4�O� �����p�o��¬	��Hp%�~"��|�����)"1p��������f��	�	��fp%�­Á��H�¦�f�%�k�%�tÅ-�����%�t	�p%�¢�a����¼p�o������� !�E	������)"1p������'� �¨
4�«�t���f�����gu�wkxy�)���A����n|�s�������%�t	���
	������)"1p������M�f���¤p?�¨���-p��~p�o��­�����
	���
��¥�s !}����� !���-p7�Hp������'����%��	���
�� �����t�©}��f�7�f���s�t�¨�?p%���)�f ���p%� ��"7o�����²|��²����%�o���n�o¦p��7�f���V�d�����%�fp��)��� ���%��	���
�� ���sp�o uQwkx �f�M	§}����Vq�f���������?p%���)�f ��«�
�Q�������Up�����"7o�����²|�¼p�o��~�%�f !�Up%o��%����n|o�}���p�Hp«�­�d�%�|"1p%�s�|�[�f�'p�o��¬ !�� !���%�¨"��-�?p�qE�¢o��sn|o������M�t����£M"����������}a�t"1p¼p%��p�o��¨n|���
	�"��� ! ¢�����sp?���¨�����Vp%o����% !���%���4	����!p��p�o��­�?p7�Hp%��"¬���fp����%�¼���[��o��
"7o�����Ãy���7�k�����¼����p��d���k���tn����
�f�ªd������qXuQwQx�®'���%��	���
����t�O� �����H���M"��E	���������nk"��������)"1p%�s�|�U�V��pVq��}6����"��������t"�p�������"t�f���M���������t"��t�%������������p�o��%�fp�p����t	�	����p����»���|	©À¡uQ�z���� ~}��s�|�����%��	���
��¾���sp�o¥uQwQx©���s !}������	��f}�p7������p��| ��Hp��
"����s���!�H²��t�Ep%o��¬�s�s�d��p%�s !�¼�f�'p�o��¼"��|�����)"1qp������¥p%������ ­���sp%�������|���V���©�t���V������o���n�o¥p�o����|��n�o�}���p[�f��	���H�  !�t ~�|�������%�fn|����À������-p��tn��7�Hp�����n�p%o��[�CB�"��s�t��"������u�wkx~�s�-p%�¢�����
	���
����f�����M�t�s����²|���g�ko��:²���"��| ­�������)	­p%o���a�t�Vp«�f���M��p�o»�f}�}����-��"7o��)���

� $'&)(+*'(+*6J:.7;�5g0O=?*O;O03(+TX;3(+.1JQ.7K�;3&)=E*<;W57J)>H5703>�S�$ 6[9:03.7;O.�TV.1h
D



'�,�� ,/£+, � ¦ ,M 
� ��� Y�D:R�h+h+T?.tT32k=X;�57h
D/b�0O(+>?S�$ 6���6M03.7;O.tT?.1h�L	�t;O=?J:*3(+.1J:*';3. S�$ 6K�.10E;3&)=¼b�03(+>|D!&�;O;O9
� ����,6,6,'Z�K�9-D I�T?*VD 57J:h
D N1. 7
�%>:*3h��1b�0O(+>?S�$ 6MZ

6a0O.7;3.�T?.1h Zdj SH4yZ`G�0W5%K¤;�D 9f>)K 8��¼5703TW&�l1^1^ � D
� l � jAD%Lah$# 8�6�D -4=X;O&:.1I¬D?S�$ 6UL���;3=?J:*O(+.1J:* U`LM$�SUG�0W5%K¤; 8�Ft=?9);3=?I¡Z@f=V04l1^1^1^)D
� c � �~D+S�(+*32 8aY�D+SH=VJ)N:D¨G4BtJH57I�(+T�j6(+N1&�;OZ<F�($#V(+J)N­(+J�$54�6��WD�U`J

����������������� �"!#�%$'&)(��+*
��!-,/. 0�12��!43���1�576 &8�9�':;�9�)�9�<�%�'=��>!�&?��@
&?6�&?�A:7B�1C5 ��!���6�1 8;D�TX;O.1@f=V0�l1^1^ � D

� ] � UWD6SH.1*O;O=?0 8�4�D�E�=?*3*O=?h+I«57J/86=?>:( ;3.10O*�DGF (��IH����)�KJMLN. 6��O5<���)�>&
$P���Q02RA�9ST3	�"1�5<6�&?��� �2=��9$���0�!�&?��6��9&?6 �O� DU�¬.10ON�57JVE�578)KsI«57J:J
6a8:@)h+(+*3&:=?03* 8 ��W�W�W

� _ � �~Dfb�570O>:J:=?0 8:Y�D?SH=?J:N�8>�~D?S�(+*32fDMG4B)J:57I�(+T�j'(+N1&�;<Z<Ft($#?(+J:N¡(+J
S�$ 6YXs>:03* S�$ 6U���)R�J�R48);O.1I«5%;3=?>�$�=?TW&)J:([Zt8)=AKs.106LaJ:&:57J:T?(+J:Nb�03(+> 6�=?0OKs.103I«57J:T?=1D�U`J ���O�������%�"��� �"!V�%$'=�\]\�\^:7B�1�5���!���6�1
���`_/�[�a( @?���9�)$�����120��<���-bA��!�&?���dc�6 &8���`3	�"1�5<6�&?��� � 8 e18:h BQl1^1^1l)D

� e � $6&:=Eb�h+.1@:8:* 6a0O.��O=?TX;VDa&�;O;O9
� ����,6,6,AD N1h+.1@:8:*�D .10ON
� \ � b�h+.1@:8:*�� b�03(+> Ft=?T?8:0O( ;`B U`J)Ks0W57*<;30O8:TX;38:0O=1D&�;<;O9
� ����,6,',AD N1h+.1@:8)*�D .103NK�%*O=?TV8)03( ;`B
�tD
� m � 6�D
-'=X;3&:I�.1J�8�jADHLMh$#1D�SH=�5%;O8:0O=�S'=VN1.7;O(i5%;O(+.1Jf�¬=?TW&:57J:(+*3I¥Ks.10;3&)= S�(+h+=�$�0357J:*OKs=?0 6a03.7;O.�TV.1h
DMj�S�4�l1c1m W 8HR48:N18:*O; ��W�W m)D
� Wa� �~D�-4.10O.�,'( ; # 8yF�D�P�8:J�;VD S�$ 6©Ft=?T?8:03( ;`B~L���;3=?J:*O(+.1J:*�D!j SH4l1l1l1m�8;D�TX;3.1@f=?0 ��W�W \tD
� � ^ � E�D�P�57( 8;�~D7g/5721=V0VDAS4=X;<;3(+I�=?0��4R�$�.t.1h�Ks.10/�¬=V57*38:0O(+J:N+gy.7;OZ;3h+=?J:=?TW2¼P-(+J:2Vg/57J:>t,4(+>t;3&-D3U`J �����9���%�����)� ��!'�O$-&)(��ih
:
\URN=Oj

:7B�1C5 ��!��)6 1k���2=��>&8�����<�9& F ����(��<��. �����d��!�0"�<�/:7B�!�&8��1l! 8m�¼5703TW&l1^1^ � D
� ����� P�5V,'0O=VJ)TV=Igy=?0321=?h+=XB�S45%;3(+.1J:57h¡P�57@f.10W5%;O.10OB S4=X;<;3=?*<;9�ÈF�=?ZT?8:03=�S4=X;`,/.10O2¥$�=?*O;O(+J:N©57J:>G�¬.1J)( ;3.10O(+J:N:D &�;O;O9
� ����,6,6,'Z( ;3N:D h+@)h
D N1. 7
�%J:=X;O;O=?*O;
� � l � e:D7P�(+8/8me:D SH=?03N18:*O.1J-DtR�8);O.1I«5%;3(+Ta$�4�6¢Ft.�TW21=X;Ugy8tK�=?0�$�8:J:(+J)N:D

U`J �����9�%�������)� ��!n�O$A:	3po qKq"q"Jl_r� �m( @d�N�9�)$�����120��<���2RA��&?S]���%sm@
�)� �'0��<�V3	�"1�5<6�&?��� �43	���9$P�����9�<���2t?u���!���0����P(fH��91�v 8)S4. 7�=?I¡Z@f=V04l1^1^1^)D

� � c � 6a( ;<;3*O@:8:0ON1& Ft8:9f=?03T?.1I�9:8);O(+J:N 4y=?J�;O=?0�D LaJH57@:h+(+J)N�-4(+N1&)Z
6�=V0<K�.10OI«57J:T?=�G�5%;35�$�0W57J)*OKs=V0O*6.1J -4.1*<;3*VD

� � ] � e:D�6�.1*O;O=?h 8
e:Dtj6=?BtJ:.1h+>:*VD�S�(+h+='$�0W57J:*<K�=?0�6M03.7;O.tT?.1hwX S�$ 6�� 8>D�TXZ;3.1@f=?0 ��W m1_
� � _ � e:D�Ft=?I�21= 8KeHD��¼57&:>H5 7t( 8 �~D��¼5%;O&:(+*�D:R�8);O.1I«5%;3(+T6$54�6igy8 !|=?0$�8:J:(+J:N:D 3	��1C5<6�&?�9�x3	��1l1-6��>�)��0�&?�)�"�>!Au���ya�)�9S{z],l3{|}:
=mH�@

3�~]|V| 8Hl1m�Xs]K� 8;D�T?;O.1@f=?0�l1^1^ � D
� � e � g�Df$6(+=V0OJ:=XB�D�$54�6�$�8:J:(+J)N¬b�8:(+>)=EKs.10�G�(+*<;30O(+@:8);O=?>¼R�9:9:h+(+TV5%Z;3(+.1J)*k.1J�Y¯(+>:=XZ`R�0O=V5¢S'=?;`,y.1032�*�D
U`J h
:
\UR�=�j�0"�<�f:
,lH�\

*
�����)� 8 SH=?@:0O8H570OBQl1^1^ � D
� � \ � g�D�$6(+=?03J)=?B�8gGgD�b�8:J�;3=?0 8le:D�P�=?= 8-�~D�F�;3.18)Ks=?0�D LaJH57@:h+(+J)NS4=X;`,/.10O2�Z`R',65703=©R49:9:h+(+TV5%;3(+.1J)*�D U`J �����9�%�������)� ��!��%$�&)(��

=O\�\]\�=��>&?�9���<0�&?�)�"�<0�.`:7B�1C5 ��!��)6 1����G_r� �m( @d�N�9�)$�����120��<���
bA��!�&?���dc�6�&?����3	��1C5<6 &?�)� � 8HR�8)N18:*O;4l1^1^ � D

� � m � RgD $6(+0O8:I«57hi5�8 e:D SH=?03N18:*O.1J-D U 6MLyj�S6D&�;<;O9
� ���%>H57*O;VD J:hi57J:0VD J:=X;�� 6M03.��<=?TX;3*��BU`9�=?0<K8�%(+J:>)=P��D &�;3I�h
D
� ��Wa� L4D1Y­=?(+N1h+= 8tY�DFSH=?J:N:D-$�U 4�E�La$6(+J:N.-'(+N1&)Z<Ft9f=?=?>�$�0W5a��T/,'( ;3&

4y.1I�I�.t>:( ;`B -�5703>t,65703=¼57J)>�Ft.7K¤;`,6570O=�D U`J ����������������� �"!4�O$
&)(�� F ( ���O�N,C�>�>6�0".��N0�!�!���ym��0��<��,��9&d�)ya��|���0�!�6�����12�9�>&��`���%sm@
!O(���5 87�¼570OTW&Ql1^1^1l)D

� l1^ � $6&:= S�6 @ $�& 5 � S�$ 6¯Ft=?0 7�=V0VD�&�;<;39;� ����,',6,AD ,'8)Z
K¤;39f>-D .10ON


